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ABSTRACT 
This paper aims to study destroying process of phenol, COD, color in coke wastewater by 
ozone process. All experiments were conducted in the bath type reactor on phenol solution 
prepared in lab. The results showed that removal efficiency of the phenol, color and COD were 
high relatively. Experiments were realized in the different conditions: phenol concentration: 260; 
500 and 720 mg/L; COD corresponding 610; 1200 and 1700 mg/L; inlet ozone concentration 
from 1.1 to 1.7 g/L.h to study the effect of pH, rotary of magnetic and phenol concentration. The 
main results showed that phenol removal efficiency was of  98 %; COD of 75 % after 22 
minutes of reaction at ozone dose 1.7g/L.h for initial phenol 260 mg/L. Ozone treatment has 
highest treatment efficiency with phenol but reduction rate of COD was much slower than 
phenol.  
Keywords: ozone, phenol, coke wastewater.  
1. INTRODUCTION 
In Viet Nam, coke production is increasing rapidly to demand usage of manufacture of 
industries as coal power plants, steel. Coke wastewater contains considerable amount of toxic 
compounds such as COD, phenol, color, CN
-
 as well as high concentration of ammonium 
nitrogen and chlorides, though low concentration of heavy metals and phosphorus. Pre-treatment 
of coke wastewater with high phenol concentration have been cared especially. Ozone is one of 
the Advanced Oxidation Processes (AOP) widely used for industrial wastewater treatment. 
Especially, ozone is a widely used method to mineralize organic pollutants in water in which 
ozone molecules break down recalcitrant and toxic organic compounds into smaller molecules 
[1]. The ozone reaction is accomplished through two pathways: direct ozone oxidation and 
indirect free hydroxyl radical oxidation. Indirect ozone, organic molecules can be destroyed in 
various ways, including: a) the breakage of doube bond and formation of aldehydes and ketones, 
b) the addition of an oxygen atom to the benzene ring, and c) the reaction with alcohols to form 
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organic acids [2]. In indirect free hydroxyl radical oxidation ozone is decomposed to free 
reactive radicals, which cause a significant rise in pollutant removal efficiency.  
Aims of present study are investigate optimum parameters for treatment of phenol, COD, 
color in coke wastewater. 
2. CHEMICALS AND EQUIPMENTS 
2.1. Chemicals 
Phenol crystal, acetonitril, MeOH, KI, Na2S2O3, NaHPO3, KH2PO4, KIO3, HCl, H2SO4, 
ZnCl2, and starch indicator (Merck, 99.9 % of purity) were used. Membrane of 0.45 µm, Japan 
and other chemicals for COD and colour analysis were applied. 
2.2. Equipments and experiment model 
 
Figure 1. Experiment model for phenol treatment. 
Figure 1 presents experimental set up for study. Ozone were generated by Ozone generator 
Miyamoto (OR-15C 5g/L), using pure oxygen cylinder gas. Phenol solution was prepared from 
pure standard in distilled water. Ozone experiments were performed in a 2,000 ml capacity 
ozone bubble column. The oxygen flow rate to generator was adjusted at 2L/min. The ozone 
stream was continuously introduced in the sample through a porous sparger as microbubbles at 
the bottom of the ozone contactor. The diffusion rates of ozone/oxygen mixture, introduced from 
the bottom of the reactor through a sintered glass diffusing plate, were 1.1; 1.4; 1.7g/LH. Excess 
amount of ozone was passed into gas absorption bottle containing KI solution (2 % wt) and 
NaOH. Experiments were performed at the ambient temperature. Magnetic stirrer was used. 5 ml 
samples were collected from reaction for determination of phenol, COD, color. All experiments 
were conducted 3 times and calculated average values.  
2.3. Analysis methods 
Phenol was analyzed by HPLC (Shimadzu), column of ODS, 5 µm, 250 x 3.0 mm – GL 
Sciences Inc, Japan. Mobile phase for phenol analysis is mixture of  H3PO4 and MeOH (90:10 %). 
Samples were filtered through a membrane with 0.45 µm after analysis. 
COD, color, ozone in inlet gas were analyzed following the method SWEWW 5220C:2012; 
TCVN 6185:2008; Iodometric method was used for determination of ozone in a process gas and 
IOA. 
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3. RESULTS AND DISCUSSION 
3.1. Influence of pH  
 The pH of aqueous solution is one of the most important environmental parameters 
which significantly influences the degradation of pollutant. The pH plays an important role in 
the formation of 
*
OH and, thus is expected to enhance the pollutant oxidation rate. The oxidation 
by ozone process involving hydroxyl radical has shown their potential to destroy organic 
compounds in water. The main interesting characteristic of the hydroxyl radicals is its oxidation 
potential that leads to an indirect attack on organic compounds, which is faster than a direct 
attack by molecular ozone [3]. Experiments were conducted with different pH (selected 3, 7, 11) 
phenol 330 mg/L in 60 minutes reaction time. The initial pH of solution was adjusted using 
either sodium hydroxide or acid sulfuric. The solution was subjected to 2 L/min of ozone flow 
rate from oxygen in air. Magnetic stirrer was used at 600 circles/min.  
  
Figure 2. Efficiency of initial pH to phenol and COD removal. 
The Figure 2 shows efficiency of phenol removal at different initial pH. Removal 
percentage of phenol was higher in base solution than acidic and neutral solution. The 
degradation of phenol increased significantly from 12 % (pH 4); 43 % (pH 7) to 92 % (pH 11) 
after 60 minutes of reaction. In addition, approximately 73 % of phenol was degraded within 
first 30 mins where almost complete degradation of phenol was observed in the basic condition. 
Efficiency of COD removal were very low at all different initial pH. After 60 mins, only 3.4 % 
(at pH 3); 7,7 % (at pH 7) and 32.6 % (at pH 11). The rate of decomposition of ozone increase at 
high pH thus producing a higher concentration of hydroxyl radical that significantly help to the 
degradation of phenol [2]. Ozone decomposes with organic compounds in direct way by O3 
molecular with slow reaction rate (Kd = 10 – 103 l.mol-1s-1 at acid condition and Kd ≈ 109l.mol-
1
s
-1
at neutral condition [4]. In base condition, ozone will decompose organic compounds by 
indirect through radical hydroxyl with Kd = 10
8
 – 1010 l.mol-1s-1.  
These data were similar to study of Esplugas. The ozonation process of phenol gives a 
better efficiency at basic pH rather than neutral and acidic condition due to increasing in the 
formation of hydroxyl radical at a higher pH. The author also concluded that presence of the 
hydroxyl radical during ozonation will increase the efficiency of the phenol degradation [6]. We 
choose pH 11 as optimum pH for next experiments. 
3.2. Influence of magnetic stirring speed 
Experiment was conducted on initial phenol 500 mg/L and ozone concentration 1.7 g/L.h.  
The speeds of magnetic stirrer were changed from 400, 600, 800, 1,000 circles/min. The results 
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showed that degradation of phenol increased when increasing speed of stirrer. Efficiency of 
phenol removal increase when changing from 600 to 1,000 circles/min. After 13 minutes, phenol 
concentration remaining were 250 mg/L for speed of 400 circles/min and 160; 160, 160 mg/L 
for  speeds from 600 to 1,000 circles/min. We chose speed of 600 circles/min for next 
experiments. 
 3.3. Influence of ozone concentration 
Input ozone concentration is an important parameter that influences to removal efficiency 
and reaction time of pollutant. Experiments were performed with phenol (260; 500; 720 mg/L), 
pH 11 but  changing ozone concentration (selected 1.7; 1.4; 1.1g/L.h). 
 
 
 
 
 
Figure 3. Change in phenol, COD, color after reaction with different ozone concentration: 
A1, A2, A3 (phenol 260mg/L); B1,B2,B3 (phenol 500mg/L); C1, C2,C3 (phenol 720mg/L) 
(E) Affect of initial phenol concentration to removal efficiency 
3.4. Influence of inlet phenol concentration 
Chart E in Figure 3 shows that the effect of degradation of phenol with different phenol 
concentration against reaction time with constant ozone concentration. It shown that 
approximately 73 % phenol degraded in the first 10 mins and gradually increases to 100 % after 
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35 mins of phenol 250 mg/L. The degradation of phenol was 52 % in 10 mins of ozone time and 
for a longer reaction time of 35 minutes, at least 91 % of phenol was degraded for 500 mg/L 
phenol. Finally, for 720 mg/L phenol, the degradation was only 27 % in the first 10 minutes and 
gradually increased to 70 % after 35 minutes. The theory indicates that the most of the ozone 
generated was used for destroying phenol and intermediates and causing lack of ozone for 
decomposing the remaining phenol.  
3.5. Treatment of coke wastewater of Thai Nguyen Iron and Steel JSC 
We treated real wastewater of Thai Nguyen with initial phenol 558 mg/L; COD 4262 mg/L, 
color 6913 Pt/Co; inlet O3 1.7g/L. Experiments were conducted 3 times and calculated average 
values. The Figure 4 showed that phenol were removed 30.8; 66.5; 84.9 % after 10; 30; 60 
minutes of reaction time. In fact, there are amount of CN
-
, SCN
- 
or other organic compounds in 
real coke wastewater so that also consumed ozone in reaction process and leaded to reduce 
removal percentage of phenol. Removal efficiencies of COD and color were low. Only 27.8 % 
COD; 45 % color were removed after 60 minutes.  
 
Figure 4. Treatment efficiency (COD, phenol, colour) of real coke wastewater. 
4. CONCLUSIONS 
Experiments were conducted to find some optimum conditions such as pH, initial phenol, 
magnetic stirring speed, inlet ozone concentration for treatment of coke wastewater. The rate of 
destroyed phenol were faster than COD and color. Efficiency percentage got highest when pH of 
phenol solution is 11. Inlet ozone concentration is higher, the shorter is reaction time. Real coke 
wastewater of Thai Nguyen company was treated to access removal efficiency of phenol, COD, 
color.  
REFERENCES 
1. Yogeswary P., Mohd Rahshi Mohd Yosof, Nor Aishah saidina Amin - Degradation of 
phenol by catalytic ozonation; Journal of Chemical and Natural Resources Engineering 2 
(2002) 34-46. 
2. Yousef Dadban Shahamat, Mahdi Farzadkia, Simin Nasseri, Amir Hossein Mahvi, Mitra 
Gholami and Ali Esrafili - Magnetic heterogeneous catalytic ozonation: a new removal 
 
 
 Nguyen Thanh Thao, Trinh Van Tuyen, Le Truong Giang 
 
276 
method for phenol in industrial wastewater, Journal of environmental Health Science and 
Engineering 12 (2014) 40-52. 
3. Oyama S. T. - Chemical and catalytic properties of Ozone, Catalytic Review: Science And 
Engineering 42 (3) (2000)  279-322 
4. Gottschalk C., Libra J. A, Saupe A. - Ozonation of Water and Wastewater, A practical 
guide to understanding ozone and its application, WILEY-VCH Verlag GmbHD - 69469 
Weinheim, Federal republic of Germany, 2010. 
5. Esplugas, S., Gimenez, J., Conteras, S., Pascual, E.and Rodriguez M. - Comparision of 
diffirent advanced oxidation processes for phenol degradation, Water Research 36 
(2002)1034-1042. 
6. Von Gunten U. - Ozonation of drinking water: part I - Oxidation kinetics and product 
formation, Water Res. 37 (7) (2003) 1443-1467. 
 
 
